The spores of four species of vesicular-arbuscular endophytes were L-dried at 22°C, and their viability was tested after heating at 80°C for up to 40 min. Ldrying of spores in the soil in which they developed was a very effective method of preservation of all spore types examined. Slow L-drying of spores separated from soil and supported on glass fiber filters also gave high viability for spores of some species. A scheme for the long-term preservation of vesicular-arbuscular endophyte spores is proposed.
The spores of four species of vesicular-arbuscular endophytes were L-dried at 22°C, and their viability was tested after heating at 80°C for up to 40 min. Ldrying of spores in the soil in which they developed was a very effective method of preservation of all spore types examined. Slow L-drying of spores separated from soil and supported on glass fiber filters also gave high viability for spores of some species. A scheme for the long-term preservation of vesicular-arbuscular endophyte spores is proposed.
Vesicular-arbuscular (VA) endophytes are biotrophic fungi which form mycorrhizas within plant roots. VA mycorrhizal roots increase the uptake of nutrients, particularly phosphorus, by plants (13) . Despite the recent increased interest in VA mycorrhizas, there is almost no information on methods for their long-term preservation.
Microbes have inherent genetic instability (11); therefore, development of techniques for preserving genotypes deserves high priority. Although no method ensures complete preservation of genotypes, long-term preservation can be achieved by storage of microbes after lyophilizing, freezing, or L-drying (2, 11, 12) . Fungi which grow readily in axenic culture are frequently preserved under mineral oil by air drying, lyophilizing, or freezing (14) after laboratory culture, but VA endophytes have not yet been grown without roots (13) . As a method of preservation, the advantages of L-drying in comparison with lyophilization and freezing have been recently discussed (11) . Lyophilization of mycorrhizal roots is possible (10, 15) , although low viability of the endophytes was observed (5) . The present study investigated L-drying procedures (2-4) for the routine preservation of VA endophyte spores. An accelerated storage test (7, 8, 15) (6) and Acaulospora laevis Gerdemann and Trappe (6) were isolated from soil under an annual clover and grass pasture. Glomus monosporus Gerdemann and Trappe (6) and a species of Gigaspora which resembled G. calospora (Nicol. & Gerd.) Gerdemann and Trappe (6) were grown in pot culture by L. K. Abbott, using the methods described for G. monosporus (1) . All spores used in these experiments formed on plants grown for 6 months. Soil containing spores was air dried to 0.5 to 1.0% moisture content and stored at 22°C. In the experiment described, mature spores which had been stored in soil for 5 to 12 months were used. Spores were L-dried either in the soil in which they had grown or after separation from soil.
Spores were separated from soil by wet sieving, sedimentation under kaolinite, and flotation in 50% (wt/vol) sucrose. A sample of 50 g of soil was stirred in 150 ml of water and immediately decanted and wet sieved through a stack of three sieves of mesh sizes 2 mm, 250 ,im, and 100 ,um. This procedure of stirring and decanting was repeated 15 to 20 times. The stack of sieves was then washed with a strong jet of water. The fraction retained on the 100-tim sieve was washed into a 50-ml, thick (3 Viability test. Spores were sandwiched between a pair of 0.45-,m membrane filters (Millipore Corp.) which was inserted between 1-cm layers of steamed (1) Lancelin sand with nutrients added (9) . The soil was wet to 80% of field capacity. In nutritional studies, this unsterile soil solution was the medium giving the highest percentage of germination and the greatest germ tube elongation (I. C. Tommerup, unpublished data). After 3 weeks of incubation at 22°C in a 200-ml, lidded plastic container, each pair of filters was recovered, and the spores and hyphae on the filters were stained with trypan blue. Spores of G. monosporus dried on glass fiber filter pads over silica gel survived each phase of the L-drying process. That few L-dried spores of G. monosporus survived the heating treatment may be due to the low viability of the batch of spores. In some samples, spores of Gigaspora sp. survived L-drying but not the heating treatment. The results suggest that if spores survived drying over silica gel, then they also survived drying over P205 and L-drying. Spores of A. laevis required 2 days, G. caledonius 11 days, and G. monosporus and Gigaspora sp. probably 8 to 14 days of drying over silica gel to give high viability after L-drying.
In all experiments, when spores germinated after drying and heating treatments the lengths of the germ tubes were the same as those of spores which had not been dried. Therefore, the effect of these treatments was on the ability of the spores to germinate and not on outgrowth.
DISCUSSION
A recommended scheme for the long-term preservation of spores of VA endophytes is outlined in Fig. 1 . This scheme incorporates the protocol used to successfully L-dry spores of VA endophytes, the test used to determine their potential for long-term storage, and the recommendation that L-dried spores be stored at low temperatures.
Spores of VA endophytes have shown high viability after L-drying; however, the capacity of the spores to survive was affected by several factors. Both the physical and chemical forms of the medium in which microorganisms are dried influence their viability during and after drying (4, 8, 12, 16) . Of the two media used in this study, soil gave high viability for spores of all endophytes after L-drying and after heat treatments. Although preservation of spores in soil having low spore numbers was inefficient, the protective properties of soil make it useful for spores having low viability when L-dried after separation from soil.
The age of VA endophyte spores may affect their survival during and after L-drying. Compared to spores stored for 3 months, spores stored for 12 months require additional nutrients for germination and outgrowth (Tommerup, unpublished data). Such differences may be accentuated by L-drying. After L-drying, the variation in viability of spores stored for 5 months was less than for spores stored for 12 months. In the absence of further information, it is recommended that young rather than old spores be preserved.
The rate of drying of spores on glass fiber filter pads significantly influenced their viability. Rapid drying over P205 of spores which had been air dried or dried over silica gel for 1 day gave low viability, and few of the spores which survived L-drying were viable after heating at 80°C. Longer and therefore slower drying of spores over silica gel before drying over P205 gave high viability. The requirement for a period The survival of microorganisms dried over P205, under vacuum, and stored in vacuo for extended periods has been correlated with their viability after incubation at elevated temperatures (7, 8, 15) . When spores of VA endophytes dried slowly in soil or on glass fiber filter pads were L-dried, their viability was high in unheated ampoules and in ampoules heated at 80°C for up to 40 min. The high viability of these slowly L-dried spores after heating indicates a high potential stability of the spores and suggests a high potential for long-term survival. Residual water content of dried microorganisms sealed in vacuo affects their long-term survival and their stability as measured by accelerated storage tests (7, 8, 15, 16 
